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論文内容の要旨Plants as sessile organisms depend on photosynthesis for survival. 
Since higher plants use sunlight as energy source and thus inevitably exposed to 
the harmful ultraviolet-B (UV-B; 280–320 nm) that can damage plants, resulting 
in decreased growth and productivity. The cyclobutane pyrimidine dimer (CPD) 
represents a major type of DNA damage induced by UV-B radiation, and is a 
principal cause of UV-B-induced growth inhibition in rice plants grown under 
supplementary UV-B radiation. CPD photolyase, which absorbs blue/UV-A radiation, 
and uses the energy to monomerize dimers, is the primary mechanism for repairing 
UV-B-induced CPDs, and also is a crucial factor for determining UV-B sensitivity 
in plants. Although it has been reported that gene expression of CPD photolyase 
(PHR) is mediated by various qualities of light (UVB, UVA, blue, red or far-red) 
in plants, the mechanism of light-mediated gene expression of PHR are 
complicated, and are poorly understood. Here we speculate that a link between 
photomorphogenesis and DNA repair may relevant to overcome the sudden effects of 
sunlight or various qualities of light. 
   In this study, we observed that gene expression of AtPHR was promoted 
primarily by light and controlled by a light-driven rhythm in de-etiolated 
Arabidopsis seedlings. In addition, we also investigated the effective range of 
wavelength for the light-dependent activation of PHR expression in de-etiolated 
Arabidopsis seedlings. Ten-day de-etiolated Arabidopsis seedlings were 
irradiated with various qualities of light: UV-B (280 nm), UV-A (375 nm), blue 
(460 nm), red (660 nm) or far-red (730 nm) light which supplied by LED for 0, 1, 
2, 3, and 6h at 0.2-20 μmol m-2 s-1. Transcript levels of CPD photolyase were 
quantified by real-time PCR. As a result, UVB, UVA or blue irradiation was 
highly effective in expression of AtPHR gene, reached maximum levels at 3 h 
after beginning light treatment. This light-driven transcriptional activation 
would allow plants to meet the need of the photolyase activity upon challenges 
of UV-B.  
   Furthermore, to identify whether the light induced gene expression of AtPHR 
in de-etiolated Arabidopsis seedlings is regulated by photoreceptor-dependent 
pathways, we investigated the gene expression of CPD photolyase using various 
mutants related to UVB or UVA/blue signaling pathway (uvr8, cry1cry2, 
cry1cry2phyA, cry1cry2phyB, cry1cry2phyAphyB, cop1, hy5, etc.). Consequently, we 
demonstrated that the light-inducible expression of PHR was strongly mediated by 
UVR8, which is a UV-B specific photoreceptor, and CRY-dependent pathway that 
require for functional negative photomorphogenic regulator COP1 and positive 
transcription factors HY5 and HYH.  
To date, at least two genetically distinct UV-B signaling pathways regulate 
gene expression in mature Arabidopsis leaves. The two signaling pathways are 
triggered by different UVB fluence rates, high- and low-fluence rates of UV-B 
light; high or low fluence responses depend on damage/stress or UVR8 signaling 
pathway, respectively. Interestingly, here, PHR gene expression was also 
stimulated by exposure to relative low-UV-B radiation (280nm, 0.2 μmol m-2 s-1) 
that could induce CPDs but not ROS in uvr8xcry1xcry2, cop1-4 and hy5-215xhyh-1 
mutants. These results strongly indicate that a novel UVR8-independent pathway, 
which does not depend on COP1, HY5, and HYH, could also responsible for UVB-
inducible expression of PHR. This UVR8-independent signaling pathway was 
strongly linked to the CPD accumulation induced by UV-B radiation, not ROS 
production in de-etiolated Arabidopsis seedlings (Li et al. submitted).   
  

















紫外線 B（UVB）による生育障害の主要因である DNA 損傷の一つであるシクロブタン型ピリミ








(1) シロイヌナズナにおける PHR の発現誘導に最も有効な波長は、UVB、UVA、青色光であった。
これらの光発現誘導は、主に UVB に関しては UVB の光受容体である UVR8 を介したシグナル




(2) 青色光受容体である cryptochrome の機能が欠失した場合、シロイヌナズナは
phytochromeB が有効に機能し、phytochrome の青色光効果により、PHR の発現を誘導すること
を phytochrome と cryptochromeの変異体（cry1cry2phyA, cry1cry2phyB, cry1cry2phyAphyB）を材
料に明らかにした。 




能性を示した。なお、この新奇な経路には、UVR8 や cryptochrome などのシグナル経路で遺伝
子発現を制御する CONSTITUTIVELY PHOTOMORPHOGENIC 1 (COP1)や転写因子 ELONGATED 
HYPOCOTYL5 (HY5)を介さないことも証明した。 
上記の結果は、太陽光の下で生きる植物の基本原理を理解することは勿論のこと、今日の環境
食料問題解決に向けた遺伝子発現制御によるストレス耐性植物の育成にも繋がる。したがって
本研究成果は、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
いる。したがって、李楠女史提出の論文は、博士（生命科学）の博士論文として合格と認める。 
